West Virginia University Institute of Technology offers an annual summer program for high school and rising high school students interested in the Science, Technology, Engineering, and Math (STEM) fields. During this program, students spend a week on a college campus attending STEM classes taught by college professors, participate in engineering design projects and problem solving challenges, and attend a STEM related field trip. Participants are mentored by and interact with both STEM professors and undergraduate STEM students throughout the week not only during classes and projects, but also during meals and free time. This less formal interaction outside of classes is crucial in developing rapport with students so they feel comfortable asking questions and seeking career advice from both faculty and undergraduate students.
general understanding of what engineers, scientists, and mathematicians do on a day-to-day basis, nor do high school students understand the wide-range of careers available for those with a degree in the various STEM majors. The camp provides students with an excellent opportunity to "try out" STEM majors to find the ones that interest them the most and develop their focus on those choices. The motivation for the data collection was to determine if the STEM summer camp succeeded in changing the perceptions, opinions, and knowledge of the participants in regards to the STEM fields.
Overview of the STEM Camp
West Virginia University Institute of Technology (WVU Tech) offers a STEM based camp yearly during the summer for high school students interested in science, technology, engineering, and mathematics. During this six-day camp, participants live in university housing with upperlevel STEM majors acting as camp counselors and mentors. The students attend classes taught by college faculty on a variety of STEM topics, take a fun, STEM-based field trip, listen to professionals from a variety of STEM fields speak about their careers, and participate in STEM projects. Participants arrive on Sunday afternoon and leave around 6 pm the following Friday. Sunday evening consists of ice breakers, team building exercises, and an introduction to problem solving skills. Weekdays are filled with classes and projects, guest speakers and STEM activities (after dinner), then supervised free time. A typical weekday schedule is shown in Table 1 . On a Wednesday field trip students choose between white water rafting with hydrology experiments or zip-lining with ecology experiments. Mentoring and peer networking opportunities for students include: (1) positive and encouraging interactions with faculty members who specialize in various STEM fields, (2) informal interactions with college-age STEM students, and (3) building peer relationships with other students with similar interests. The camp offers STEM classes from several disciplines and generally includes one from each department within the Leonard C. Nelson College of Engineering and Sciences at WVU Tech including: chemistry, biology, mathematics, computer science, computer engineering/electrical engineering, chemical engineering, civil engineering, and mechanical engineering. Each participating faculty member from the College of Engineering and Sciences designs, prepares, and presents his/her topic area to camp participants during one-2-hour class during the week of the camp. The 2-hour classes are not traditional college "lectures", but hands-on experiences, demos, and activities. In 2016, the camp had thirty-nine total participants who participated in classes or activities in one of three ways: (1) one group of thirty-nine students, (2) divided into two groups of nineteen and twenty students, or (3) divided into three groups of thirteen students. Given the hands-on nature of the camp and the desire for high levels of faculty-student interactions, most class sizes were capped at thirteen students (any classes that did not follow the standard class breakdown are denoted in Table 2 ). All students attended all class types and projects during the week which is a change from previous years of the camp where students were allowed to pick their courses. Descriptions of the projects and classes are included in the Table 2 . ). Camp participants were divided into two groups and rotated with the robotics course for this class.
Networking and Problem Solving
During this first night activity, camp participants learned about computer networking and practiced problem solving skills. The activity began with "The Orange Game" (see CS Unplugged website 6 for detailed instructions) to work on problem solving skills and develop understanding of message passing. The activity continued by increasing the network size and changing network topologies. The activity ended by demonstrating what a "black hat hacker" was and the negative impacts they have on network traffic. This one hour activity included all participants and camp counselors.
Robotics with Lego Mindstorms
This class uses the Lego Mindstorms EV3 robots to teach students to create an algorithm to accomplish a specific task, incorporate sensor data, and use data from sensors to deal with changing variables the robots encounter. As an example, students are asked to have the robot drive in a 3' x 3' box with 90 degree turns while the robot deals with different floor surfaces. By the end of the class students write a program to have their robot drive around while avoiding objects. Camp participants were divided into two groups and rotated with the hands-on computer science course for this class.
Cardboard Canoes
Students had a one hour introduction to the concepts of density and canoe design, then were divided into teams of three. Each team was given an equal amount of cardboard and duct tape and asked to design a canoe that would float one of the team members across the 25-m swimming pool. Teams were given two hours for construction and design then asked to test the design in the swimming pool. Designs were judged on length of time they could float in the water. All thirty-nine students participated in this activity at the same time.
3D Printing
Camp participants were introduced to 3D printing by watching a short presentation on the uses of 3D printing followed by a brief demonstration of a design in AutoCAD. Students were shown the 3D printer and the material used in the process. They then had a two-hour class where they used AutoCAD to design a small box with their first initial on top of the box. The box design was created following a tutorial in the program with instructions given in class to create a letter. Participants received their 3D printed small box at the end of camp picnic to take home. Mathematics Behind the Game of Set Students were introduced to the mathematics behind the pattern recognition game of SET by playing the game. Students were first introduced to one color of cards, calculated the number of sets, and then gradually added in all colors. Students were taught to calculate the possible number of SETS and how to determine the final card. Biology
Camp participants spend two hours in a biology lab learning how to separate strands of DNA using gel electrophoresis. Participants were introduced to renewable energy and measured the energy generated by small solar panels, fuel cells and wind turbines.
Data Collection
There were two points of data collection for this study: pre-camp surveys and post-camp surveys. The participants completed two surveys at the beginning of camp and repeated those two surveys and a general end of camp survey (e.g., ranking of each class, enjoyment of field trip, etc.). The first of the two surveys required approximately five minutes to complete and focused on participant's knowledge of STEM careers. The second survey, which also required approximately five minutes to complete, focused on participant's perceptions of the STEM fields. At the end of camp, the participants repeated both initial surveys about knowledge and perception of the STEM fields. Additionally, the participants completed an author created end of camp survey/evaluation (herein, referred to as camp evaluation survey) requiring approximately twenty minutes; this survey/evaluation focused on participant's opinions of the camp itself including questions on the food/housing, individual classes, projects during the six days, and the field trip. The schedule of surveys is shown in Table 3 and the question style for classes in the camp is shown in Table 4 . Twenty students participated in the two pre-surveys and nineteen students participated in the two post-surveys. One student left camp before the post-surveys were given due to weather, and one student only completed part of the post-surveys (and, thus, was not counted for evaluation). All surveys were completed anonymously and no personal data was collected (i.e., gender, age, grade, etc.). The pre-and post-camp surveys included all the questions provided in the "What is Engineering?" 8 and "Engineering Attitudes" 7 . The "What is Engineering?" survey is a series of Yes/No questions regarding "Are these things an engineer would do for his or her job?" 8 . The "Engineering Attitudes" survey asks participants to use a 5-point ranking scale (from strongly disagree to strongly agree) to provide their opinions about STEM fields 7 . The authors used the "What is Engineering?" survey exactly as offered 8 and expanded the provided questions in the "Engineering Attitudes" 7 to include questions about computer science and programming. Questions added to the "Engineering Attitudes" survey 7 included: (1) I would enjoy being a computer programmer, (2) computer programmers cause problems in the world, and (3) I think I know what computer programmers do for their jobs. The common audience for both these survey instruments is elementary-level students. However, the authors selected these surveys for three reasons: (1) this summer program attracts mainly high school students from rural areas who have extremely limited, if any, exposure to STEM, (2) half of the participants were younger students (i.e., rising freshman and sophomores) with little STEM experience at the high school level, and (3) the surveys are quick and easy for students to complete and would not distract from the STEM camp experience.
The data collected from the pre-and post-surveys were compared and analyzed to gain insight into student's overall perceptions and attitudes of engineering and technology. The researchers created spreadsheets of the raw data for each question on all the surveys and compared the differences between pre-and post-survey data. Data was analyzed and studied for indications of positive or negative change. For the "What is Engineering?" 8 survey, the Yes/No responses (overall percentage as in Figure 3 ) on questions in the pre-and post-data were analyzed to determine if participants, after participating in camp activities, were better able to identify what engineers do. For the "Engineering Attitudes" 7 survey, data was collected on a Likert scale and analyzed for overall shifts in attitudes from pre-and post-camp. Additionally, the data was examined methodically for indications of students gaining a better idea of possible STEM majors in college or eliminating any fields after attending the camp. In addition to reviewing the preand post-surveys, the authors reviewed the raw data and individual comments associated with each camp class on the camp evaluation survey (i.e., the data collected for each class as seen in the example provided in Table 4 ).
Data Analysis
Participants were asked to rate each camp course or project individually and list their favorite and least favorite activity (class, project, speaker) about the camp during the 20-minute postcamp evaluation survey (example question in Table 4 ). Survey results indicated 31.5% of respondents listed the cardboard canoe project as their favorite activity, and 57.9% of respondents listed the civil engineering course as their least favorite activity. Figure 1 shows full responses on the cardboard canoe activity, and Figure 2 shows full responses on the civil engineering activity. The canoe project was the most hands-on of all the activities, and the student teams had full control of the designs. The faculty and undergraduate STEM counselors answered questions but did not lecture during the build phase of the project. The theory for the canoes was presented the previous day as a one hour lecture with little interaction and received very low ratings. The civil engineering course focused on surveying and included a long lecture at the start of the two-hour class before moving outside to start the hands-on portion of the class. Of the students who enjoyed the course, most mentioned that the course moved slowly. Additionally, students who disliked the course commented that the material was "over my head". Half of the participants were rising freshman and sophomores who did not have the mathematics background to understand the material presented in the civil lecture. This, combined with the longer length of the lecture, contributed to student frustration with the course. The only other course to have a lecture period longer than fifteen minutes was chemical engineering, which also had lower ratings. Most of the courses had short "lecture bursts" of five to ten minutes followed by short hands-on activities before another short lecture. For future years, the evaluation form will incorporate more specific questions on class duration to identify if classes should be longer or shorter. As shown in Table 4 , students were asked to rate the length of the course but had no method of indicating if it was too long or too short. Many students who rated a class very highly in all other categories would mark the length question with the lowest rating. From student comments and the otherwise high ratings, the authors inferthat these students felt the classes were too short but cannot be sure due to the way the questions were asked. Figures 3 and 4 show the results from the two 5-minute pre-and post-camp surveys asking students if they know what engineers and mathematicians do for their jobs. By the end of camp, all respondents felt that they understood what engineers, as well as, scientists, and programmers (data not shown) do. Students participated in several courses in these fields as well as listened to several guest speakers who discussed jobs in manufacturing, the medical field, robotics research, and the chemical industry. However, a few students felt that they were still unsure of what mathematicians do in their daily jobs. The camp only included one mathematics course that focused on pattern recognition and probability, and there were no guest speakers to discuss mathematics jobs. Information about the range of mathematics jobs may be added to future camps. Figure 6 shows responses to students being asked if the camp had helped them choose or discard potential majors. Figure 5 shows that many students came to camp with a career in mind, but a few changed their minds during camp. A student commented that they found the electrical engineering course extremely interesting, but they would have never picked it as a class if they had been given other options. In previous years, students choose four areas to study in depth during camp, but now, all students take shorter course in all offered disciplines. Under the old format, many student preferred classes in the sciences and forensics, either because they had covered material in high school coursework or enjoyed the content similar to TV shows. The new format did accomplish the goal of helping students to find areas of STEM they were unaware that they enjoyed. 
Conclusions
The participants completed the pre-surveys shortly after completing the check-in/move-in on the first evening of the camp. However, the post-surveys, including the 20-minute post-camp evaluation survey, were completed on the last day of the camp as the parent picnic and presentations were beginning. The authors noticed that a high percentage of the post-surveys contained large sections marked all the same (e.g., all "yes" or "no" answers). Next time data is collected, students will fill out the forms earlier on the last day in hopes of eliminating/minimizing this issue. With further evaluation of the data and student comments, it seems that the majority of students rated a class primarily on their like/dislike of the material with many students rating a class with all fives or all ones. Future camp evaluations for courses will be given for the first three days of camp and then again for the last three days of camp so that participants are not trying to evaluate so many different activities at one time. The hope is that with more time and a shorter number of courses to evaluate at once, students will give more thought to a particular class.
Universally, the projects offered during the week were highly liked by all the participants (e.g., cardboard canoes). Additionally, the majority of students provided high ranking for the field trip that combined a fun activity with learning about outdoor science (e.g.., water rafting with hydrology experiments and zip-lining with ecology experiments). The evaluations of the speakers were highly split among camp attendees. From anecdotal evidence, the junior and senior students found the career information very useful and interesting while the younger students found it boring and irrelevant.
Changes for the Future
